
    

, 

  

     

, 

  

                                          Bruce R. Barrett                                       
                             University of Arizona, Tucson

     Non-Perturbative Determination of the     
         Shell Model Effective Interaction

 Arima Symposium, Shanghai, PRC                  September 25, 2018



      Erdal Dikmen, Suleyman Demirel U., Isparta, Turkey
   Michael Kruse, Lawrence Livermore National Laboratory
               Alexander Lisetskiy, Mintec, Inc., Tucson
                     Pieter Maris, Iowa State University
        Petr Navratil, TRIUMF, Vancouver, BC, Canada
          A. M. Shirokov, Lomonosov Moscow State U.
    Nadya Smirnova, CENBG Bordeaux-Gradignan, France 
            Ionel Stetcu, Los Alamos National Laboratory
                James P. Vary, Iowa State University

     COLLABORATORS
 



Coupled Cluster approachGFMC formalism



 OUTLINE

I. Overview of the Ab Initio Shell Model with a Core 
   Approach

II. Results: 
     a.) General sd-shell
     b.) Fluorine isotopes

III. Summary/Outlook



 I. Overview of the Ab Initio Shell Model with a Core 
    Approach



Using the NCSM to calculate the shell model input
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where

Effective interaction in a projected model space







   

P. Navratil, M. Thoresen and B.R.B., Phys. Rev. C 55, R573 (1997)



FORMALISM

1. Perform a large basis NCSM for a core + 2N system, e.g., 18^F. 

2. Use Okubo-Lee-Suzuki transformation to project these results 
    into a single major shell to obtain effective 2-body matrix elements. 

3. Separate these 2-body matrix elements into a core term, single-
    particle energies and residual 2-body interactions, i.e., the standard
    input for a normal Shell Model calculation.
4. Use these values for performing SM calculations in that shell.



                      II. Results: a.) sd-shell nuclei
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Coupled Cluster, E_core:  -130.462           -130.056      from G.R. Jansen 
Idaho NN N3LO + 3N N2LO                                         et al. PRL 113,     
                                                                                        142502 (2014)    

IM-SRG, E_core:              -130.132          -129.637      from H. Hergert 
Idaho NN N3LO + 3N N2LO                                        private comm.

     A = 18              A = 19

 Input: The results of N_max = 4 and hw = 14 MeV NCSM calculations



No-Core Shell-Model Approach

 Next, add CM harmonic-oscillator HamiltonianNext, add CM harmonic-oscillator Hamiltonian

To H  , yieldingTo H  , yieldingAA

Defines a basis (Defines a basis (i.e.i.e.  HOHO) ) for evaluatingfor evaluating              V         V          ijij





                       
         

RMS: 0.000128

PRELIMINARY RESULT



                   II. Results: b) Fluorine isotopes
                                





                 
                                

1. Calculate the Fluorine isotopes using the same set of effective TBMEs,   
    which are very weakly A-dependent, e.g., those determined from the       
    N3LO NN interaction, to test how well they reproduce data trends.    

2. Approximate the effect of 3NFs by replacing our theoretical single-        
     particle energies with the theoretical ones obtained in the IM-SRG         
     calculations of S.R. Stroberg et al. 

3. Compare our results for the F isotopes with those obtained with the      
    IM-SRG approach* using an EFT N3LO NN plus N2LO NNN             
    interaction and with experiment.          

* S.R. Stroberg et al., arXiv Nucl-th 1511.02802 (2015)

Survey of the Fluorine isotopes

*
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* S.R. Stroberg, et al., arXiv Nucl-th 1511.02802 
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SUMMARY AND OUTLOOK
1. The interactions and approaches used in this study reproduced           
    the gross trends and features of the experimental data for the              
   Fluorine isotopes studied so far.
2. Replacing our theoretical s.p. energies with those obtained in the       
    IM-SRG calculations of Stroberg et al. to approximate the effects      
    of a NNN interaction, in general, improved the agreement with          
    experiment.
3. The overall, reasonable agreement with experiment obtained using    
    the IM-SRG approach with an EFT N3LO NN and N2LO NNN        
    suggests that the trends in our results should continue to improve      
    as we improve the interactions used and increase the size of our         
   model space for our NCSM calculations.  
4. The current results support the hypothesis that a single A-independent 
     set of effective TBMEs can explain the trends in the F isotopes. 

OUTLOOK: Extend our calculations to other nuclei in the sd-shell to
study charge dependence.  Also study the hw dependence of our results. 
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